In this paper we introduce a new method for numerically solving the equations of the hydrodynamic model for semiconductor devices in two space dimensions. The method combines a standard mixed finite element method, used to obtain directly an approximation to the electric field, with the so-called Runge-Kutta Discontinuous Galerkin (RKDG) method, originally devised for numerically solving multi-dimensional hyperbolic systems of conservation laws, which is applied here to the convective part of the equations. Numerical simulations showing the performance of the new method are displayed, and the results compared with those obtained by using Essentially Nonoscillatory (ENO) finite difference schemes. From the perspective of device modeling, these methods are robust, since they are capable of encompassing broad parameter ranges, including those for which shock formation is possible. The simulations presented here are for Gallium Arsenide at room temperature, but we have tested them much more generally with considerable success.
INTRODUCTION
n this paper, we propose and test a new method for numerically solving the equations of the hydrodynamic model for semiconductor devices with application to a GaAs MESFET. The hydrodynamic model for semiconductor devices may be viewed as a second-order perturbation of a nonlinear hyperbolic system for n, the electron density, p, the momentum density, and w, the energy density, 3tn + div(nv) 0 [12] (see also [13] ). The first study of the hydrodynamic model making use of shock capturing methods per se, which are effective even in the absence of shocks, was carried out in [10] . In [11] , two independent numerical methods were coordinated in capturing shocks. Shocks are not reported in this paper, however. To devise our numerical method, we first notice that the left-hand side of (1.1) defines a nonlinear hyperbolic operator (identical to that of the Euler equations of gas dynamics). As a consequence, to discretize (1.1) it is reasonable to use an efficient method originally devised for nonlinear conservation laws. We shall thus use the Runge-Kutta Discontinuous Galerkin (RKDG) method; see [4] , [5] , [6] , [7] , and [8] . This [18] , [19] , [20] , [10] , and [15] . The paper [15] contains the first two-dimensional simulations of the hydrodynamic model using finite difference shock-capturing methods. The approximation to n, each of the components of p, and w, will be taken to be piecewise linear (or piecewise constant). In accordance with this choice, we use the Raviart- Thomas mixed method of lowest order [17] . [7] . Accordingly, a second-order accurate in time Runge-Kutta method must be used to discretize our ODE; see [7] and [18] . Finally (ii) compute u and ut as follows:
We define each of the components of u0h to be the
L2-projection of the corresponding component of u0
into V h and discretize the equation (2.1a) in space by using the Discontinuous Galerkin (DG) method which will be described in detail later. Since the functions of the space V h are discontinuous, the mass matrix of the DG method is block-diagonal and hence easily invertible by hand. Thus, the resulting discrete equations can be rewritten as the following ODE initial value problem:
where L h is the approximation of -div F. The exact In what follows, we describe in detail the approximation of the divergence --Lh, the local projection AIIh, and the right-hand side Rh.
b. The Discontinuous Galerkin Method
The general definition of the DG method in the case of a scalar u can be found in [7] . 
fnFtk(uh(t,x, y)) 7Vh(X, y) dxdy
where h e R(t, X, y) h e R(Uh(t, (X, y)int(R)), Uh(t,(x,y) exi(R)) and to and t) are integration weights. Following [7 
BUh(t, (x, y)ext<R)) gh(t, X, y), (X, y) 0fl.
The choice of this numerical flux is crucial since it is through the use of the numerical flux that the upwinding (or the artificial viscosity) which renders the method stable (without destroying its high-order accuracy) is introduced. In this paper, we choose the so-called local Lax-Friedrichs flux which will be described in the next section. This completes the projection in the x-direction; see [6] . A similar and totally independent procedure is applied in the y-direction. It can be shown that the above system has a unique solution in Uh Wh [9] , [17] . As pointed out before, we use the Lagrange multipliers (see for example [3] and the references therein)which render the matrix of the resulting method a symmetric positive definite matrix. We invert it by using the conjugate gradient method with incomplete Choleski factorization as preconditioner. mesh. 
CONCLUDING REMARKS
The generalization of the RKDG methods to the two-dimensional hyperbolic system of conservation laws works very well. The performance of this formally second-order accurate method in uniform Cartesian grids is similar to that of the finite difference ENO method. In a future work, we plan to devise acceleration-to-the-steady-state techniques and to exploit the ability of our method to handle general triangulations.
